Background: Fertility-sparing surgery is indicated for patients with stage I epithelial ovarian cancers. We sought to evaluate the clinical outcomes and oncofertility in a cohort of patients of reproductive age with stage I epithelial ovarian cancer (EOC).
Background
Epithelial ovarian cancer (EOC) is the most lethal of malignant ovarian tumors [1] . Clinicians have been reluctant to perform fertility-sparing surgery in certain groups of patients with stage I epithelial ovarian cancers, including those with poorly differentiated tumors or clear-cell carcinomas. Based on current evidence-based medicine, fertility-sparing surgery is indicated for patients with stage I epithelial ovarian cancers [2, 3] . Fertilitysparing surgery is only meaningful in patients with type I epithelial ovarian cancer, including endometrioid, mucinous, low-grade serous, and clear-cell carcinomas [4] . Patients with high-grade serous ovarian cancers can relapse within a short period of time and are not advised to keep the contralateral ovary [5] .
Preserving the high survival rate for stage I EOC is of utmost importance. There has been increasing interest in fertility-sparing surgery that does not negatively affect survival for these patients. The reason for keeping the contralateral ovary and uterus is that most of these patients can survive for a long time and could potentially die from other conditions instead of tumor recurrence. Most studies have suggested that oncologic and reproductive outcomes of patients who undergo FSS are favorable [6, 7] .
Approximately, 30% of patients with epithelial ovarian cancers are diagnosed with stage I and 13% are younger than 40 years [8] . As the child-bearing age is becoming increasingly delayed, some patients may be diagnosed with malignant ovarian tumors before child-bearing. Radical surgery can be unacceptable in these patients, because they still wish to conceive.
In this study, we compared the survival of women of reproductive age with newly diagnosed stage I EOC who underwent FSS, with those who underwent RS. We also performed a subgroup analysis of patients with high-risk disease, including grade 3, clear-cell, or stage IC2-3 tumors, and assessed the pattern of recurrence between groups, as well as subsequent reproductive outcomes of women undergoing FSS.
Methods
The study protocol was approved by the ethics committees of Peking Union Medical College Hospital. We retrospectively identified patients with stage I EOC aged ≤ 40 years at diagnosis, who underwent primary staging surgery at the Department of Obstetrics and Gynecology of Peking Union Medical College Hospital (PUMCH) between 1999 and 2013. The diagnoses and staging were reassessed based on the fourth edition of the World Health Organization Classification of Tumors of Female Reproductive Organs and International Federation of Gynecology and Obstetrics (FIGO) 2014 staging system. According to FIGO 2014, stages IC1, IC2, and IC3 were defined as intraoperative spillage, preoperative capsule rupture or surface invasion, and positive cytology results, respectively.
Patients were eligible for inclusion if they were surgically and pathologically diagnosed with stage I (i.e., IA-B, IC1, IC2, IC3) EOC (i.e., mucinous, serous, endometrioid, and clear-cell carcinoma (CCC)) and aged ≤ 40 years at diagnosis. Patients with rare or special histological type of epithelial carcinoma (malignant Brenner tumors, squamous cell carcinomas, undifferentiated carcinomas, and epithelial carcinomas complicated with sarcoma components), carcinoma in situ, or borderline ovarian tumor were excluded from the study. Patients with incomplete clinical and pathological or follow-up information and those with disease extending beyond stage I and undergoing FSS were also excluded.
FSS was recommended to young patients with FIGO stage IA or IC1, grade 1-2 tumor, and non-clear-cell histology, with a strong desire to stay fertile and who could be monitored during followed-ups at a gynecologic oncology outpatient clinic. RS was suggested for those patients with high-risk disease, including grade 3, clear-cell histology, or stage IC2-3 tumors, based on intraoperative or final paraffin pathological diagnoses.
Comprehensive staging surgery included omentectomy, retroperitoneal, and/or para-aortic lymphadenectomy, appendectomy, excision of all suspicious nodes, peritoneal washings, and multiple-site random peritoneal biopsies. Fertility-sparing surgery included ipsilateral adnexectomy and biopsy or wedge excision of contralateral ovary. Radical surgery included hysterectomy and bilateral adnexectomy. Two independent pathologists with extensive experience in gynecological pathology reviewed all of the pathological slides and were blinded to patient outcomes.
Within the study period, adjuvant chemotherapy was administered to patients considered at increased risk for recurrence (FIGO stage IC1 or more, grade 2-3 tumor, or clear-cell histology) after the primary surgery. Chemotherapy regimens consisted of TC (paclitaxel and carboplatin), TP (paclitaxel and cisplatin), PC (cyclophosphamide and cisplatin), CC (cyclophosphamide and carboplatin), or PAC (cisplatin, epirubicin, and cyclophosphamide). The majority of patients received TC and PC chemotherapy. The number of cycles ranged from three to nine after tailoring therapy to patients.
After completion of the initial treatment, patients were followed-up monthly for the first 6 months, every 2 months after 6 months, every 3 months after 1 year, every 6 months after 2 years, and every year after 5 years. Clinical examinations performed at each visit included pelvic examination, ultrasonography scan, evaluation of carbohydrate antigen 125 (CA 125), and other previously elevated serum tumor markers. Patients were contacted by telephone or letter to obtain regular follow-up information when it was not available.
Recurrence was documented using histologic evidence of disease via tumor biopsy, fine-needle biopsy, or the appearance of new lesions on imaging examination. Disease-free survival (DFS) was defined as the time interval from the date of primary surgery to the date of disease recurrence or censoring during the last followup. Tumor-specific survival (TSS) was defined as the time interval from the date of the primary surgery to the date of death or censoring during the last follow-up. Endometriosis-associated ovarian cancer (EAOC) was defined as the coexistence of cancer and endometriosis in the same or contralateral ovary or extra-ovarian endometriosis [9] . All EAOCs were confirmed pathologically. We evaluated four categories of pretreatment serum tumor markers: CA 125, CA 19-9, carcinoembryonic antigen (CEA), and alpha fetoprotein (AFP). The normal upper limits of serum tumor markers CA 125, CA 19-9, CEA, and AFP were 35 and 37 U/mL and 5 and 20 ng/ mL, respectively. Patients were considered to have an elevated serum tumor marker when any of these serum tumor markers were elevated.
Statistical analyses
Comparisons between the FSS and RS groups were performed using an independent t test, the Mann-Whitney U test, or the chi-square test as appropriate. DFS and TSS times were estimated using the Kaplan-Meier model and compared between the groups using the log-rank test. The Cox regression model was used for multivariate analysis. Variables with p < 0.1 in the univariate analyses were included in the multivariate analyses. Hazard ratios (HR) and 95% confidence intervals (CI) were calculated for the significant variable in the multivariate analyses. All p values reported were two tailed; p values < 0.05 were considered statistically significant. We performed statistical analyses using IBM SPSS 22.0 software for Macintosh and Graph Pad Prism 5.0.
Results

Study population
A review of the database revealed 144 patients with stage I EOC aged ≤ 40 years at diagnosis during the study period (1999-2013). Overall, 108 patients met the inclusion criteria and were included in the analysis. The selection process and reasons for patient exclusion are summarized in Fig. 1 . Eleven patients with high-risk disease wanted to preserve their fertility and underwent FSS. Altogether, 52 (48.1%) patients underwent FSS and 56 (51.9%), RS.
Comparison of clinical and pathological features
Clinical and pathological variables are shown in Table 1 . The median age of patients at diagnosis who underwent FSS was significantly younger (by 10 years), compared with those who underwent RS (p < 0.001). Significantly more patients who underwent FSS (94.2%) were nulliparous, compared with those underwent RS (32.1%; p < 0.001). Median tumor size in the FSS group was significantly larger than that in the RS group (p = 0.002); this could be due to the significantly higher proportion of mucinous histology (p < 0.001) in the FSS group. Most of the tumors were well-differentiated (66.7%). Eight patients had mixed tumor types. For easy statistical analysis, the epithelial component which took the larger proportion of the tumor was considered as the predominant histology. Because the RS group included more high-grade and clear-cell tumors (p < 0.001) than the FSS group, the proportion of patients receiving adjuvant chemotherapy (p = 0.006) were higher in the RS group. Patients in the RS group were more likely to have coexisting endometriosis (p = 0.006), which could be attributed to the higher proportion of clear-cell histology.
Comparison of oncologic outcomes
After a median follow-up of 83 months (range, 9-216 months), 14 (13.0%) patients relapsed, 8 (7.4%) died of progressive disease, and 100 (92.6%) were censored in (Fig. 2b-d) . FSS patients tended to have better TSS than RS patients (p = 0.048). However, this was not observed with DFS (p = 0.423) (Fig. 2a-c) . (Fig. 3a-b) . The high-risk RS and FSS patients had a 5-year DFS rate of 77.0 and 68.2, a 5-year TSS rate of 77.0 and 100%, and also with no statistical significance (DFS, p = 0.776; TSS, p = 0.111) (Fig. 3c, d ).
The distribution of grade 3 and clear-cell carcinoma in stage I EOC cohort of reproductive age
Since grade 3 and clear-cell carcinoma was the only independently significant predictor of DFS and TSS, we evaluated the correlation of grade 3 and clear-cell carcinoma with age, endometriosis, and surgery type. As can be seen from 
Comparison of pattern of recurrence
As can be seen from Four in five FSS patients had a localized relapse in the contralateral ovary; the remaining patient had a disseminated relapse in the lung. Most patients in the RS group had multiple relapse sites and lost the opportunity to undergo follow-up surgery.
Taking a closer look at outcomes, seven (77.8%) of nine patients in the RS group had relapses and one (20.0%) of five patients in the FSS group who relapsed died of progressive disease; the remaining two (22.2%) of nine patients in the RS group and one (20.0%) of five patients in the FSS group were alive with the disease; another three (60.0%) patients in the FSS group were salvaged with repeated surgery and long-term survival without tumor was achieved.
Reproductive outcomes for patients in the FSS group
Of 52 patients in the FSS group, 34 (65.4%) attempted to become pregnant. Five (14.7%) patients were unable to conceive and diagnosed with infertility. Among the remaining 29 patients, 32 pregnancies were recorded, including 28 live births (82.4%, 28/34), 1 induced abortion, 2 miscarriages, and 1 intrauterine death. None of the patients underwent radical surgery after child-bearing.
Two patients failed to become pregnant and had recurrent disease of the retained ovary, concurrent with unexpected endometrial malignancy. One patient in the FSS group had an endometriosis relapse rather than malignant tumor on the contralateral ovary before she successfully became pregnant; the contralateral ovary was then resected. In another patient, relapse occurred in the contralateral ovary at 32 weeks of gestation. A cesarean section and restaging surgery were performed; the child was delivered and the woman survived without tumor for a long time. 
Discussion
In this study, we evaluated women of reproductive age with stage I EOC who underwent FSS or RS. Grade 3/ CCC was the only significant independent risk factor for DFS and TSS. Tumor-specific survival in FSS was better than that in the RS group in univariate analysis, because up to 71.1% of the high-risk patients underwent RS. In addition, up to 87.5% of patients with grade 3/ CCC underwent RS. In the cohort, we defined the tumor with stage IC2-3 or grade 3 or clear-cell histology as high-risk disease. Several studies have already confirmed that no significant difference in patient survival exists between stage IC1 and stage IA tumors [10, 11] . Based on these data, we did not classify the tumor stage IC1 as high-risk disease, which is different from previous studies [12, 13] . The survival advantage of FSS compared with RS was not observed among high-risk patients. Similar to our study, studies published to date comparing FSS and RS have found no significant influence of FSS on prognosis, even among high-risk patients, including those with stage IC1-3, grade 3, or clear-cell carcinoma [12, 13] . Grade 3 and CCC were considered together in our cohort, because there were only four grade 3 tumors. This was understandable because malignant ovarian tumors confined to stage I were usually well-differentiated [13] .
In an Italian study, researchers evaluated 240 patients with early-staged EOC (eEOC) treated with FSS [14] . We calculated both the row and column percents. The first percent in the cell was the column percent representing a proportion in the "grade" arm, and the second was the row percent representing a proportion in the "age," "endometriosis," and "FSS or RS" arm CCC clear-cell carcinoma, RS radical surgery, FSS fertility-sparing surgery Similar to our study, they found that grade 3 tumors were the only factor that negatively affected the prognosis of patients [14] . They subsequently evaluated 1031 patients with eEOC treated with FSS or RS [13] and found that grade 3 tumor was associated with shorter DFS and overall survival. However, in both studies, the classification of the tumor differentiation of CCC was not specified [13] . Although we did not observe the effect of sub-staging on DFS in our study, the p value (0.053) indicated a little significance. Most studies reported adverse effect of stage IC2/3 on DFS [10, 12, 13] . Our preliminary study has found that patients with EAOC might own an improved survival, but endometriosis per se was not an independently significant predictor in the multivariate analysis [9, 15, 16] . However, focusing on young (aged ≤ 40 years) patients with stage I EOC, EAOC patients had significantly poorer DFS and TSS than those with non-EAOC in the univariate analysis. It is possible that this trend is due to a higher proportion of grade 3/CCC in patients with EAOC than in those with non-EAOC (47.6 vs. 16.1%, p = 0.002).
Similarly, patients aged ≤ 30 years had a better TSS than those aged > 30 years in the univariate analysis. The incidence of grade 3/CCC was significantly greater in patients after they were aged 30 years. Patients aged > 30 years had significantly more grade 3/CCC than those aged ≤ 30 years (39.6 vs. 5.5%, p < 0.001). The literature suggests that younger age is more correlated with low-grade tumors [13] , and increased age, with worse overall survival [12] . Patients with stage I EOC at a reproductive age tended to have a mucinous histology, low-grade, sub-staged early, and had better intrinsic biological behavior, compared with those at a nonreproductive age [13] . Therefore, the high-risk of age > 30, endometriosis, and radical surgery on survival in univariate analysis was attributed to the higher proportion of grade 3/CCC.
It should also be noted that the preservation of the uterus and contralateral ovary does not seem to affect patient survival [17] . In a Japanese study, researchers evaluated 16 patients with stage I CCC who underwent FSS, 205 patients who underwent RS, and 64 patients with stage I non-CCC who underwent FSS [18] . They found that patients with stage I CCC who underwent FSS did not have a poorer prognosis than those receiving RS and those with non-CCC who underwent FSS [18] . Researchers suggested that FSS was adequate for patients with stage I EOC, regardless of the stage, grade, and histological subtype [13] .
In this study, the pattern of recurrence was more advantageous in FSS than that in the RS group. According to literature, relapse on the retained ovary has a good possibility of rescue with surgery and chemotherapy and did not affect the long-term survival of FSS patients [7, 19, 20] . Whereas patients who relapse in the lymph nodes and widely spread in the peritoneum, which is typical of clear cell histology, had a poor prognosis [4] . Compared with grade 1-2 tumors, grade 3 tumors give rise to a higher rate of extra-ovarian recurrences [14, 20] . Thus, the higher proportion of an isolated ovarian recurrence after FSS in our study could also be due to the lower proportion of grade 3/CCC. In our study, we found no evidence of fertility damage among patients in the FSS group. Previously published data suggest that there is an 80% rate of successful pregnancy after FSS [7, 14] . Besides, more fertility-preservation techniques, such as ovarian tissue cryopreservation and pharmacological protection against gonadotoxic agents, are developed to prevent the loss of reproductive fitness in these women [21, 22] . Considering the unbalanced distribution of grade 3/ clear-cell carcinoma between groups, only 12.5% (3/24) of patients with grade 3 or clear-cell carcinomas underwent FSS, and the safety of FSS for patients with grade 3 or clear-cell carcinomas was uncertain. Patients aged ≤ 30 had only three (5.5%, 3/55) grade 3/clear-cell carcinomas, reflecting that young women tended to have more well-differentiated tumors. In addition, 86.5% (45/ 52) of patients in the FSS group were aged ≤ 30, indicating that FSS was safe in this patient population.
Conclusion
Grade 3 or clear-cell carcinoma was the only independent risk factor for survival of patients of reproductive age with stage I EOC. FSS can be safely performed on patients of reproductive age with grade 1-2, stage I EOC. The safety of FSS for grade 3 and clear-cell carcinoma warrants further investigation. 
